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Lﬁo'rm The following is en prtiole that originally upmnna i‘n'tho
Technical Physice sootion of the yeriodioal Doklady Akedemil Navk S8SR, Vol
73, Yo 1 (1 Jwly 1950), peges 99102, submitted by acodemician 8, I, Vavilov
on 8 May 1950 Apperently the anomaloscope ie an optical instrument for
studying coloxr plindness and other visugl defecto o anomalies == hence the
name. Tor a dosoription of related inetrumonts, lmown by other namef, poe

the Bnglieh-longuese roforences riven in the Bibvliography of this article,
which followu.j/ ”/ L ( / s ‘ ( /;
i

“/ In the worke of the Firet All-Union Conferonce on physiological optict;l
o description was glven of the ¥ anomaloscope' vhich wee invented vy L. I.
Demi¢ina in cooperation with ¥, D, Nyuberg ond later studlied vy I. Ye.
Bnrbel%\z All subsequent developments of mparn.tusﬁ for investigating tho
defect/n of color vieion?\\‘ nave gone thelr various weys butb not along tho paths
firat contemplated.

Below we describe a new anomeloscope of a similar type and certain
resulte obtained with it. 3

The main idea of this apoaretue 18 defined as the (;:1$otive analysls
or resolution (anundex) ! of the sensitivity of each of the three Young re-
ceptors in the eye by & method in which one gradually veries the stimilus or
excitation on one receptor belng tested while subjecting the other two ré=
coptors to constent stimalus, Such en anslysis is far from on experiment
with clear simple conditions. ‘

The experiments sre besed on the veriation of color of one of the two

comnarative semifields in the apparatus, which variation ie nade to ocour in

such a wey that the stimulus on only one particular receptoy of the three
recepbors should vaxy daring the test, (Mote; Here 1s the fundamental dif-
=l-
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farence vetween the new anomaloncope and the one desoribed by R. A, Houston
in hie book, Vision and Colour Vielon, 1932, Pags 183’::\/.)
£ ; During the enalysis a moment Lo fixed when the senee or conscioneness

"

is able to ntate definitely that a varietion has talten nlace in the color of

N

the semifield, In this vay one establishes the mp.amhvuda of the threshold of
color discrimination in one expression or another @peMMg u’nsn how the &=
paratus 1o gradun'aedg ~'amtl thue obtains sn immediate characteristic of sensl-

tivity of the partioular yeceptor being teosted,

Pigure 1 will olaxify the nrincinle governing tho operation of the ano-
maloscopa, The colors 03, Oz 0g, Oy o represonted herk;):zeo'aoro veferred /5
to the R, G, D axes of the basic vhysiological coordinnto oystem. The fact
thet the comnonento of the eolor vactore nlong the pyetem's exes are Proyor=
tional to tne u‘cimullr- aoting on exch of the three receptors in tho eye i
a unique peculiarity of this vhysiological coordinate systom in comperison
with otiier coordinate pystems that are li.nea:,t:.l.y dependent. This fact moti-
vetes its selection in this case,

0f the three coordinates o, ﬁl’ 71 of color 01 in the following expre: - .
prorese 81 = %1504» @13°+ 7150 , two ooor§1nateu, for exammle 31 end Yy, are
kept constont in all colors Cp, 03, Out(l;vhich colore in E_ﬂ.gure 1 represent
various phanes or stagee of varistion of color Cy in the apparatus; vhereas
the only varigble is the first coordinate &, which defines the stimulus on
the receptor corresponding to the R axis, Otherwise, the directions in which
the initisl colore nust very during all three tests must be parellel to the
correeponding axes of the basic physiological gystem, Obviously kmowledge
of these axes is of significant velue for the solution.

1t should be noted, ineidentally, that when wo applied the basic physi-
ological system proposed by Judé/s\) in 1943~k %o calculate the color of the ano=-
maloscope, the apparatus refused to operate, thus demonstrating the incor-
rectnesg of this system,

Now, a8 a result of the works of Ye. N, Yuatové/é\% we possess consider-

pbly more accurate knowledge of the axes of the pasic physiological ‘system

- !
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and hence better ¥mewledge of the emectral ourves of peneitivity of the eve's
receptors, than in 1934 when only the inacourate systen of Kening=Ilves (but
even more accurate than Juddis) was ab the dlepoenal of tha inventore of the
anomaloccope, Qorrespendingly one oan conduct the tests on the vasis of an
aocurate calculation with sure observance of the condition of constant stim=

ulation on two of the three receptors.

:”( The internal etructure of the new anomaloscone 1g schematically shown in
figure 2, The color of one of the semifields observed in the ooular is deter-
mined by one or other of the color filters Tyy Fp Fq alennsed along the noth
Letween lensen Iy and Iy which project port of the wall of the aiffusion 1l=-
luninator O on to the vhite soreen Sl. The verlable light of another oeni-
fleld is decternined by the position of the mobile frame VW with six ocolor
filters across tho openinse of the lenses L' and 1" in the light path II,
wiieh in o similer monner project the same part of the 111uninator O on to
the screen Sp. Three of thess slx 1ight filters repent acourately the 1ight
filters Iy, 5‘2. 5‘3 of beam I ond in the beginning of ench test they ore placed
in turns between the lenges L' and 1", In this manner is the tost set up
ench time with the obsexrvation of two semifields which are 11luminated phys-
ically in completely identicel ways. Under tuese conditions of comnlete Vie-
ual equality of voth semifields, the person being tested cen ptate what defw> ., /
iﬂ" his oye may nossess, Q;he eamo initial remding on the scale of
the apperatus ie trus ensureds bh; reading can he equated to zeXo since the
avll difforence with respect to color corresponds to 4t, This is one of the
original peculiaritios of the pbove-described snomaloscope.

The remaining three of the glx 1ight filters F', ¥, "' determine the
final color of the three tests, when thoy are placed comoletely across the
openings of the lenses 1! and L' in the peth of the beam,

A11 intermediate colors aan be obtained for intermediate positions of
the mobile frame, when any of the light filters Ft, TV, ¥ and the 1ight
fllters indentical vith ¥y, F2, ¥4 are simultaneously in the beam 11 together
with a part of thelr surface. These color veriations are attained by a COLTL S /'y ..
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ehlft in the frame W with the light fllter during rotation of the correspone
ding handle, The transition from one teet to another is effected during roe
tation of the drum with the marze 1, 2, 3, Divielone of the circular scale
vhioch shifte during rotation of the handle are computed in the small glase
wipdow.

! ‘," Buch a reading pormite one to fix (first M in divisione of the
aoﬁlﬁ) the megnitude of the first threshold of color differentiation; that
is, tho difference barely noticeable for the person boing tested between
both semifields, The mean datn for the groun of normnl obLeorvers give the
transition to the aquantitative expression for thoe sharmness of color nerception in
thresholds corresponding to the nowm,

It Lo poseiblo to graduate the scale of the anparatue aleso in the commonents
I, G, B along the oxes of the basic physiological system, and 4iien graduate
tho rolative megnitude of threshold stimulus: R/R, G/G, D/D are establi-
phed by the indicatione or reedinge in tihe avperatus,

If the selection of the initial color (Tb;at ic, celaction of tho light
filters 3‘1. 5‘2, 5‘3)‘ in all three teste coan e made arbitrary to a consider-
pble degree, thon rolative to tho final colors determined by the light fila
ters ', P!, ¥'' we have the conditions indicated carlier on the constancy
of eny two coordinates of tlhe three (ot.ﬁ.-y) irn the course of the entire
given test, Selection of the final colors which satlofy thls condition is
greatly simplified when one uses light filters thot are combined with re-
gpect to the ares of the two different glasses -.4 for example, for the
purple-red.ll::mada out of red and blue glase (see figure 2), This is enol/
ﬁlfe‘original peculiarity of the new anomaloscope.

The course of tests on the new anomaloscope is simple and very brief,
The apparatus is prepared for the test by setting the drum et one oz;\qé‘éhor
mark., The person being tested sees in the ocular a square field of a homo-
heneous primaxy color, which field is divided in two by & line. ALl that
is requirad from the teate’i;ﬂ.s that he merely signal when he notes for the first
time a variation of the color in one of the semifields and at the same time

when the tester is turning uniformly the handle moving the frame. A single

such test tales not more than 3 seconds, A repetition of the tests from 3bto
\2
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13‘t1mea permites one to obteln the reauired mean value of the threshold ruadul%/

4 (m), If the value taken us the norm (m°) is divided by m, then cne ob-
taine the sensitivity oharacteristic of the receptor being tested; that i,
the coefficlent of increasa (me/m > 1) or decvenee (mg/m < 11 of the testee's
genoltivity in comparison with the norm. It vequires only ’,‘l minutes to
conduot a full test of one noraog,including the nreliminary explanation and
writing down of the results, The anparatus is thus especially convenient
for large-tanle maoe toste,

In conclucion let us give cortain observations obtained on tio aneomale-
neope during ite testing.

1 «. © Invevier t.o investizate tie influence of color adantation on the
menlmdo of the ﬂruh threshold we took an ohsorver with normal ::33.'0;' odé’famp
erinination foz whom the fonaw’lng values, averazed over 10 remhawa,/\of the Z
throshold after m five-socond fixation and aftor a two-minute proliminary

fixation of the field of viocion (a six-minute fixation aloo for the 2 test).

R Teot G Test B Tent
5 sea 120 meo 5§ sec 120 sec 5 soc 120 soc 360 sec
1,6 div 1,7 div 1,8 div  L.bdlv 8,0 daiv 10, ddv 11,7 dlv

Thic datn permits one to conclude that duration of fixation of the fleld
vielon, which duration holds true for an individuel test, connot influence the
result,

\ 1_) ) ai-ﬁ-";co vorify the correctness of the choice of the light filtors
in the third tent (B). ve obsexrved above the magnitude of threshold for a
strongly decreased (to o.3°) flield of vision, As is known, the central mart
of the foven, for aboud o.5° extonslon, possessas a tritanople type of dichro-
matiam . ”here re for a very small field of vision, the normal observer mmst

Jeas} part .4
beﬁtritmopic, a.w

[ )mhe volues given below of the first threshold of an observer (in divisione
of the seals), which values were obtained for ordinary fields of vision and
for a small field of vislon, verify completely this assumption and egree well

with our provious observations carried out by snothe methodg.

-5~ _

CONFIDFNTIAY

(O]

'

Declassified in Part - Sanitized Copy Approved for Release 2012/06/08 : CIA-RDP82-00039R000100110074-8




Declassified in Part - Sanitized Copy Approved for Release 2012/06/08 : CIA-RDP82-00039R000100110074-8

CONFlucTIAL

Fleld of Visien R _Test ¢ Test B Teet
3.0° 2,2 div 3,5 ddv 8 alv
n,%° hodv | 5.9 ddv h6.,9 aiv

-~ B, rdi oy
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